To determine whether survival and recurrence after laparoscopic-assisted surgery for colorectal cancer is compromised by an initial laparoscopic approach.
Summary Background Data
Laparoscopic colorectal resection for malignancy remains controversial 8 years after its first description. Fears regarding compromised oncologic principles and early recurrence (particularly the phenomenon of port-site metastases) have tempered enthusiasm for this approach. Long-term follow-up data are at present scarce.
Methods
A prospective comparative trial was undertaken between December 1993 and May 1996, during which 114 patients had laparoscopic-assisted resection by a single laparoscopic colorectal surgeon or conventional open surgery by a second specialist colorectal surgeon. Intensive follow-up for at least 2 years is available on 109 patients. Analysis was performed on an intention-to-treat basis.
Results
Recurrent disease has developed in 27 patients (25%), 16 of 57 in the laparoscopic group (28%) and 11 of 52 in the conventional group (21%). Crude death rates are 26/57 (46%) in the laparoscopic group and 24/52 (46%) in the conventional group. No port-site metastases have occurred; however, wound metastases associated with disseminated disease have developed in three patients in the open group and one in the laparoscopic group. Stage-for-stage survival and recurrence figures are comparable.
Conclusion
Oncologic outcome at a minimum of 2 years is not compromised by the laparoscopic approach. Wound recurrences are a feature of laparoscopic and conventional surgery for advanced disease.
Colorectal cancer is the only commonly curable visceral malignancy. At present in the United Kingdom, approximately 50% of patients with the disease are treated with the reasonable expectation of cure, of whom 50% again can be expected to be alive 5 years later. 1, 2 The use of any new treatment modality such as minimal-access surgery cannot be supported in such patients unless it is shown at least to match such a survival profile.
Although laparoscopic techniques were first applied to colorectal surgery in 1991, 3-6 the approach has not been widely adopted. This is largely because of concerns over the safety of these techniques in cancer surgery. There is evidence, albeit from nonrandomized studies, suggesting that the margins of excision of colorectal cancer achieved laparoscopically are comparable to those resulting from conventional resection. [7] [8] [9] [10] [11] However, the appearance of several reports of early wound recurrence after laparoscopic resection for malignancy, 12, 13 including that of Dukes' A lesions, 14, 15 have led to the suggestion that the pattern of disease recurrence may be altered by the laparoscopic approach. Unfortunately, a series of elegant investigations in a variety of animal models have failed to reach a consensus: for every study in which tumor growth was facilitated by laparoscopy, 16, 17 there are at least an equivalent number suggesting that growth is attenuated 18 -24 or comparable. 19 Although such studies are of interest, the true assessment of the safety of laparoscopic techniques in neoplasia must come from long-term follow-up of patients operated on using such techniques. Such data are at present scarce. The Norfolk surgical group has presented the first 24-month follow-up data from 39 patients in whom the cancer-specific death rate at 24 months was 6%, with an overall recurrence rate of 9%. Importantly, no wound or port-site metastases were detected. The actuarial 3-year survival rate in their series was 92% for node-negative patients and 79% for node-positive patients. 25 The authors commented that such survival and recurrence profiles were similar to those that would be anticipated after open surgery.
Similarly, in a small number of other uncontrolled series, Gray et al 26 reported a 22.70% recurrence rate among 22 patients followed up for 24 months and Lumley et al 27 reported a recurrence rate of 6.3% at a median follow-up of 33 months. In the series of Franklin et al, 28 191 patients who had a laparoscopic approach to colorectal cancer were compared stage for stage with a control group of 224 patients undergoing conventional surgery by another group of surgeons; there was no difference in terms of survival or recurrence. Although prospective, this study allowed patients to chose which type of surgery was performed, raising questions regarding selection bias. Lacy et al, 29 in a prospective and randomized trial, reported a recurrence rate of 16.1% among 31 laparoscopic-assisted resections after a mean follow-up of 21 months.
More recently, Fleshman et al 30 compared survival after laparoscopic abdominoperineal resection with a retrospective control group of patients who underwent an open procedure from several institutions. This study contained data on the radial margin of excision and demonstrated no difference in survival or recurrence between the groups after a median follow-up of 19 months.
The randomized trial from the Cleveland Clinic 31 demonstrated no difference in survival or recurrence in 42 patients undergoing laparoscopic resection for cancer after a median follow-up of 1.5 years. The authors reported four cancer-related deaths and no local or port-site recurrences during the follow-up period.
These data are reassuring, but the duration of follow-up is variable. Indeed, these studies might be considered premature, because a significant minority of patients were followed up for less than 1 year.
In the current study, we aimed to assess the safety of laparoscopic colorectal surgery for carcinoma by a prospective study of stage-for-stage recurrence and death compared with conventional surgery at a minimum follow-up of 2 years.
METHODS
From December 1993 to May 1996, patients undergoing elective surgery for colorectal carcinoma at our colorectal teaching unit were recruited into the study. Preoperative assessment included physical examination, liver function tests, carcinoembryonic antigen assay, liver ultrasound, ab-dominal computed tomography or magnetic resonance imaging, and usually colonoscopy and biopsy. All patients who would be considered for laparoscopy underwent a barium enema examination to determine the exact location of the lesion.
Recruitment into laparoscopic and conventional treatment groups was not randomized. Instead, in the absence of specific contraindications (multiple previous abdominal incisions, contraindications to pneumoperitoneum, gastrointestinal obstruction, or synchronous tumors), all patients to be operated on by a single surgeon (J.R.T.M.) were offered a laparoscopic approach, whereas those operated on by a second surgeon (P.W.R.L., who undertook no laparoscopy) underwent conventional resections.
Open procedures were undertaken according to the surgeon's established technique, which conformed to standard British colorectal teaching 32 and will not be detailed further. The philosophy in undertaking a laparoscopic approach to colorectal resection was to undertake laparoscopically only what would be considered safe at open surgery. Our techniques for laparoscopic-assisted colorectal resection have been presented in detail elsewhere. 33, 34 In brief, a five-port technique was used; the appropriate segment of bowel was mobilized laparoscopically, the vascular supply was wherever possible divided intracorporeally, and for all except abdominoperineal excisions, a small incision was then made to deliver the mobilized segment, divide the bowel (if not completed laparoscopically), and fashion an anastomosis. During abdominoperineal excision, the proximal colon was brought out through the left iliac fossa port site and the specimen was delivered through the perineum, thus obviating the need for an additional abdominal incision. Intraoperative staging was meticulous, and the surgeon made a definite decision, recorded in the operative notes, as to whether the procedure was to be considered curative or palliative. For this study, we have defined rectal cancer as only tumors arising below the sacral promontory; we consider procedures for tumors above this to be left colectomies.
All patients subsequently entered a structured follow-up program of 3-monthly outpatient visits for the first year and 6-monthly visits thereafter. All patients were followed up for at least 24 months. Investigations included regular physical examination, sigmoidoscopy, liver function tests, and carcinoembryonic antigen assay at each visit. Magnetic resonance imaging of the abdomen and pelvis was undertaken at 6-month intervals for rectal cancer, and computed tomography of the abdomen was performed at the same interval after resection of colonic carcinoma. Colonoscopy was performed at 1 year and thereafter at 3-year intervals unless otherwise indicated. Recurrence was biopsy-proven whenever feasible.
Statistical analyses were undertaken using the SPSS statistical package (SPSS 7.5.1 for Windows, 1996, SPSS Inc., Chicago, IL). Survival and disease-free intervals after surgery were calculated by the product-limit method of Kaplan and Meier, 35 with recurrence and survival rates compared using the log-rank test. Survival and recurrence rates at 24 months were compared by chi-square tests for categorical data using 2 ϫ 2 tables.
RESULTS
A laparoscopic approach was attempted in 61 patients; conversion to formal laparotomy was required in 20 patients (33%). Conventional resections were undertaken in 53 patients. The two groups were comparable in terms of age, sex, pathologic stage, and type of resection undertaken ( Table 1) . Use of adjuvant chemotherapy and postoperative pelvic radiation therapy for rectal cancer was also comparable in the two groups ( Table 2) . Recurrence and survival rates were analyzed on an intention-to-treat basis, so palliative procedures were not excluded and converted cases were considered with successfully completed laparoscopic cases.
There were two postoperative deaths in the laparoscopic group; the cause was myocardial infarction at days 7 and 16 after surgery. These were excluded from the survival analysis. Two patients in the laparoscopic group and one patient in the open group were lost to follow-up. A median of 42 months of follow-up (interquartile range ϭ 14.25 months) was available on the remaining 109 patients.
To date, recurrent disease has developed in 27 of the patients (24.7%) available for follow-up (including systemic or local treatment failures). This total included 16 of 57 patients in the laparoscopic (28%) and 11 of 52 in the conventional group (21%). Crude death rates at a median of 42 months of follow-up were 26/57 in the laparoscopic group (46%) and 24/52 in the open group (46%). These differences were not significant. Stage-for-stage comparisons of disease recurrence rates (systemic and local treatment failures) and crude death rates to the limit of clinical follow-up are presented in Table 3 . There was no significant difference between the groups for any stage of disease.
The results at 24 months of follow-up in terms of disease recurrence and crude death rates are presented in Table 4 . There was no significant difference in any of these parameters between laparoscopic and open groups. The Kaplan-Meier curve for crude survival for the groups, with all patients being available or "at risk" at 24 months, is shown in Figure 1 . There was no difference in calculated actuarial survival using the log-rank and Wilcoxon tests.
The pattern of recurrent disease or treatment failure after laparoscopic and open surgery is presented in Table 5 and Table 6 , respectively. Pelvic recurrence was identified in seven patients in the laparoscopic group (three of these procedures were palliative) and five patients in the conventional group (one of these procedures was palliative). The crude local recurrence rate for all cases of rectal cancer was therefore 24% (7 of 29 cases) for the laparoscopic group and 19% (5 of 27 cases) for the open group. Isolated local recurrence-that is, without evidence of systemic diseasewas correspondingly less frequent and was identified in one in the laparoscopic group (3%) and one in the open group (4%). These differences between laparoscopic and open groups were not significant.
No port-site metastases were detected in the laparoscopic group. However, histologically confirmed wound metasta- 
DISCUSSION
The real test of the safety of any new techniques for cancer treatment comes from comparisons of patients who have the same pathologic stage and who are equivalent in all respects other than their mode of treatment. Careful prospective follow-up is then required to determine the efficacy of one form of treatment versus another. Thus far, few such studies are available for laparoscopic colorectal surgery.
The design of our study is obviously limited in that patients were not randomized into the two treatment arms. Although such an approach is clearly ideal, it is a depressing reality that no major surgical intervention has ever been introduced on the basis of a large-scale randomized con-trolled trial. Although not randomized, patients were recruited on the basis of their referral to the surgeon. Clearly there is the potential for bias inherent in this design, given that the referral sources may have been far from random in their allocation and instead sent a certain type of patient to the first surgeon and another type to the second, with this decision being based on factors unknown. However, this bias, although possible, seems unlikely in view of the equivalence of our two groups in terms of age and sex distributions and Dukes' stage.
We are therefore left with the results of a prospective controlled trial of laparoscopic versus open surgery in an Given that this study did not include rectal cancer cases, and that the follow-up period is shorter, the recurrence figures reported are comparable to those of the present series. The Barcelona series is also distinctive for documenting the selection criteria used and for giving detailed staging information.
The Kaplan-Meier survival curves show actuarial survival rates in the region of 50% at 5 years, which again is within the anticipated range for patients undergoing surgery for colon and rectal cancer. 36 -38 Once again, there was no significant difference between laparoscopic and open groups in actuarial survival. We have chosen to treat our patients on an intention-to-treat basis rather than excluding patients who underwent palliative surgery or those in the laparoscopic arm who underwent conversion to formal laparotomy. This is because selection of subsets from within these groups carries the potential for introducing bias, and it may be difficult to determine which procedures ought to be considered palliative. In addition, it has been suggested that pneumoperitoneum may have a differential effect on tumor biology, and we believed it was appropriate for patients who may have undergone only a preliminary laparoscopy to be included in that arm of the trial. Nevertheless, most other series take pains to exclude palliative procedures, although the grounds on which this decision is made are often obscure, and this inevitably produces more favorable results.
The introductory review detailed the concern about the possibility of a change in the pattern of disease recurrence as a consequence of laparoscopy. This resulted from the alarming reports of the early development of wound metastases either at a trocar site or in the wound used to remove the specimen. [12] [13] [14] [15] 39 However, outside these reports, the evidence that wound implantation is a serious concern is scarce. Few of the major series have reported a significant incidence of such problems since Fleshman et al 40 reported four port-site recurrences in 372 accumulated resections for cancer; the multicenter registry from the American Society of Colon and Rectal Surgeons reported a similarly low incidence. 41 Our results are in keeping with the view that port-site implantation probably represents a technical error resulting from inappropriate tumor instrumentation, which is more likely to occur early in the learning curve. There were no isolated wound implantations in the 63 patients who underwent laparoscopy to the duration of follow-up. However, there was a small but significant incidence of wound metastases in both groups, although this was always part of disseminated treatment failure. It also appears that wound recurrence after open surgery may be much more common than previously thought. 42 In conclusion, this study has shown no evidence for any alteration in the pattern of disease recurrence and survival after laparoscopic and conventional surgery for colorectal cancer during at least 2 years of follow-up. This provides further evidence that the laparoscopic approach to colorectal cancer does not breach that essential tenet of medicine, primum non nocere (first, do no harm). However, the results of the ongoing randomized trials on either side of the Atlantic are awaited before we will know the true place of laparoscopic resection for malignancy in the surgeons' armamentarium. 
